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Fig. 1. A map showing the sampling stations near the pulp milf on Lake Saimaa, Southern Finland. Distances (in km) from the outfalt

are indicated.

2.2. Characterization of particles and analysis

Samples for organic carbon and nitrogen analy-
sis were ground, acidified with 1 N HCI, and
mixed on a shaker table overmight to remove
CaC0O,. They were then oven dried at 90°C and
stored in a desiccator prior to analysis. Dried par-
ticle, trap and sediment samples were analyzed for
organic carbon and nitrogen content (Carbo Erba
elemental analyzer model 1106). The loss on igni-
tion (500°C, 4 h) was measured for the particle
sample.

Aliquots of these carbonate-free sediment sam-
ples were prepared for isotope analysis by high
temperature combustion. The sediments were

weighed into 9 mm Vycor tubes which had been
precombusted at 900°C. Precombusted CuQ wire
and Cu powder were added to the tubes which
were then evacuated and flame sealed. The sam-
ples were combusted at 850°C for 2 h, cooled to
600°C for 2 h, then cooled to ambient temperature
overnight. Gases were purified by cryogenic vac-
uum distiilation; H;O was frozen into a dry-ice 2-
propanol trap (—80°C), CO, was frozen into a
sample tube immersed in liquid nitrogen and nitro-
gen frozen into a sample bulb, containing silica
gel, at liquid nitrogen temperature. Carbon quan-
tified by manometry during this process agreed (to
< &+ 5%) with CHN results. Stable isotopes were
analyzed using a VG PRISM mass specirometer.
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Table |

Characterization of the pulp mill efflucnt discharged to the recipient under study

AOX pH Cond. Ma* Susp. Ash oD BOD?7
(mg) (mS/m) (mg/} Solids (%} {mg} (mg/1)
(mg/)
May-91
Mean 16.31 1.7 167 230 83 321 743 100
Min. 12.49 7.3 145 196 28 23.0 530 58
Max, 18.81 7.8 183 256 13 710 882 129
Junc91
Mean 13.22 7.8 153 217 76 391 582 68
Min. 5.95 7.4 104 156 39 29.0 L 29
Max. 16,75 8.0 176 244 121 $3.0 803 140

Valucs are averages, minimum and maximum for May and June 1991 measured once every day of the month by the analytical labora-

tory of Kaukas Ltd., Kymmenc Corporation,

tion, although these compounds do undergo
microbial and chemical decay [28-32] or may
evaporate into the atmosphere.

3.1 Traps

The maximum sedimentation is greater
downstream from the mill compared to upstream
Station 2 (Fig. 4) High sedimentation at station 1

Table 2
Chlorophenolics in the treated pulp mill effluent (pg/1)

Compound Conc, in eflluent (xg1)
2146-TCP 71+ 1.3
2346-TeCP 1.1 £0.3
PCP 0.3 + 0.1
45-DCG 43 £33
METCG 46.8 + 6.1
456-TCG 74 £ 1.0
M56-TeCG 6% 1.1
METCC 19.0 + 5.2
3456-TeCC 64 227

246-TCP = 24.6-trichlorophenol; 2346-TeCP = 134.6-
wetrachlorophenol: PCP = pentachlorophencl; 45-DCG =
4 S-dichlorogusiacol; METCG = 3,4,5trichloroguaiacol;
456-TOG = 4,5 6-trichloroguniacol; 3456-TeCG = 3.4,5,6—
wetrachioroguaiscol; M5-TCC = 3,4,5-trichlorocatechol; 3456-
TeCC = 3,4,5,6-terachlorocatechol,

The values are means (&5,D.) from 10 eamples taken between
April 30-May 31, 1991.

is likely due to high turbulence created by water
flow through the narrow water way [rom the pump
station (Fig. 1). The rates of collection of settling
materials within the sediment traps increased
substantially between stations 2 and 3. In order to
be trapped, this implies that some of the par-
ticulate effluent [rom the mill is settling fairly
rapidly. Generally, the mass fluxes have returned
to background (station 2) levels by station 9 (16
km [rom the mill).

The particles collected in the traps downstream
from the mill are rich in organic matter as shown
by the approximately 1.5-2 times increase in or-

Table 3

Dissoived organic carbon (DOC), suspended particle, adsor-
bable organic halogen (AOX) and scdium conceatrations along
the recipient area on September 1990 and May 1991 sampling

Na* mg/l

Station DOC my/ Perticle AOX ugl
(km) mig/l

1990% 1991 1990* 1990 1991 1990 1991

—-£5 72 m 09 60 na 16 na

-5 oa 69 na na 40 na 294
3 147 229 39 600 520 18.3 13.08
9 144 115 35 a8 540 123 12.98
12 10.4 94 24 354 190 124 8.88
16 8.2 81 1.0 248 G680 8.6 6.79

*Data from Kukkonza 1992 [25).
Na, not analysed.
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Fig. 3. The concentrations of different chlorinated phenols (A)
guaiacols (B) and catechols (C) in water samples during the
‘May’ 1991 sampling period. The bars represent a mean of four
analyses. For the codes, please see Tabte 2.

ganic carbon and nitrogen between traps located
at stations 2 and 3 {Tables 4 and 5). No seasonality
was observed in these parameters under the pulp
mill. Both organic carbon and nitrogen content of
sedimenting particles were higher than the concen-
tration in the bottomn sediments. There is also a
strong stable isotope signal in the organic matter
discharged by the mill. Chlorolignin, isolated from
the effluent, had a 6N'* of —4.4 % and a 6C'
value of —27.1%, compared with average values
of +2.2% and —27.8% for the trapped material
at station 2 (Tables 6 and 7). Thus, the isotopic
composition of nitrogen is a better tracer of mill
derived organic matter than carbon.
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Fig. 4. The calculated maximum sedimenlation of suspended
particles (A) and organic carbon (B) at different stalions during
the summer 1991 and the maximum sedimentation of SOX ()
and chlorophenolics (D} at different station during the *May'
sampling period. The exact dates for sampling are shown in
Tablke 4.
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Concentrations of chlorophenolics were 2-8
times higher in the trapped particles collected
downstream from the mill than in the ones
upstream {Fig. 5; Appendix 1}. The concentrations
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Fig. 5. 50X (A) chloropheno! (B) chloroguaiacol (C) and
chlorocathecol (D) concentrations in sedimented particles on
the ‘May’ i1991 sampling period. For the codes, please, see
Table 2.

decreased further downstream but did not reach
upstream levels within the recipient area studied.
The concentration of pentachlorophenol (PCP)
did not show much change. SOX {(total organically
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Fig. 6. 50X (A} chlorophenol (B) chloroguaiacol (C} and
chlorocathecol (D) concentrations in the sediment from the
same stations where sediment trmps were placed. For the codes,
please, sce Table 2. (The SOX data is from the reference 39).






24 S V.K Kukkonen et al / The Science of the Total Environment 188 (1996) [5-27

125%

@sox \mcP OcG @cc )

100%
75%
50%

25%

% Ed |- JeN N =HREN
Effluent 3 5B 7 9
Station

Fig. 7. The rclative concentrations of AOX and
chlorophenolics in the pulp mifl effluent { = 10074} and along
the recipient. CP=the sum of measured chlorophenals,
CG = the sum of measured chloroguaiacols, and CC = the sum
of measured chiorocatzchols

53=-71% mill effluent and this contribution
declines through the subsequent traps and sedi-
ment samples to a background value at station 9.
The mill contribution is greater during the first
collection period and approximately 30% of the
trapped organic matter at station 9 is mill effluent.
QOne explanation for this could be that during the
long winter period with ice cover on the area some
of the effluent discharged is stored near the bottom
on this area and then during the spring turn over
period, which happens to be in May in southemn
Lake Saimaa, this material is reintroduced to the
lake system. The 3N'® tracer disappears faster
than the organic carbon and nitrogen concentra-
tions (Table 4 and 5), which are still about 50%
above background at station 9. This discrepancy is
either due to isotopic fractionation as the material
moves downstream or a third source of organic ni-
trogen between the effluent and station 9. With the
samples available, we cannot separate these two
alternatives.

A complementary calculation can be made for

the dissolved copstituents, using sodium as a con-
servative tracet.

Na*(px) — Na*(up)
Na*(ef)

dilution =

where Na*(px) is the sodium concentration at dif-
ferent stations along the recipient, Na*(up) is the
sodium concentration upstream from the mill and
Na*(ef) is the sodium concentration in the pulp
mill effluent. The relative freely dissolved concen-
trations {corrected for dilution) of chlorophenolics
(Fig. 7) showed that the chlorophenols mostiy re-
main in the water and [low through the system. On
the other hand, only about 40% of chloroguaiacols
and 10% of chlorocatechols are found at the fur-
thest station. Part of this loss can be accounted for
by sedimentation, but as yet biological and chemi-
cal degradation rates of these compounds are not
known in this system and are likely contrihuting to
the loss. Similar to chlorophenols, most of the
AOX pass through the system (Fig. 7} and do not
sediment within the recipient area.

The SOX and chlorophenolic concentrations in
the sediment samples from the area were
somewhat higher that in sedimenting particles
{Figs. 5 and 6), but the sediment samples were
taken at different time of the year than the
sedimenting particles were collected, so the com-
parison cannot be that exact. On the other hand,
high sediment concentrations may express the high
chlorine use of bleaching during the previous years
before the changes in the bleaching process.
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